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COATINGS INCLUDING DEXAMETHASONE
DERIVATIVES AND ANALOGS AND OLIMUS
DRUGS

FIELD D

This invention relates to the field of implantable medical
devices (IMDs), more particularly to implantable medical
devices having a coating from which drug(s) can be released
at a target site 1in patient’s body, and still more particularly to
coatings including olimus drugs and dexamethasone deriva-
tives and analogs.

10

BACKGROUND
15

The discussion that follows 1s ntended solely as back-
ground information to assist i the understanding of the
invention herein; nothing 1n this section 1s intended to be, nor
1s 1t to be construed as, prior art to this invention.

Until the mid-1980s, the accepted treatment for atheroscle-
rosis, 1.¢., narrowing of the coronary artery(ies) was coronary
by-pass surgery. While effective, and having evolved to a
relatively high degree of satety for such an mvasive proce-
dure, by-pass surgery still involves serious potential compli-
cations and 1n the best of cases an extended recovery period.

With the advent of percutaneous transluminal coronary
angioplasty (PTCA)1n 1977, the scene changed dramatically.
Using catheter techniques originally developed for heart
exploration, intlatable balloons were employed to re-open
occluded regions in arteries. The procedure was relatively
non-invasive, took a very short time compared to by-pass
surgery and the recovery time was minimal. However, PICA
brought with 1t another problem, elastic recoil of the stretched
arterial wall which could undo much of what was accom-
plished and, 1n addition, PCTA {failed to satisfactorily ame-
liorate another problem, restenosis, the re-clogging of the
treated artery.

The next improvement, advanced 1in the mid-1980s was use
ol a stent to scafiold the vessel walls open after PI'CA. This
tfor all intents and purposes put an end to elastic recoil but did
not entirely resolve the 1ssue of restenosis. That1s, prior to the
introduction of stents, restenosis occurred in from 30-50% of
patients undergoing PTCA. Stenting reduced this to about
15-30%, much improved, but still more than desirable.

In 2003, the drug-eluting stent (or DES) was introduced. 45
The drugs imtially employed with the DES were cytostatic
compounds, compounds that curtailed the proliferation of
cells that contributed to restenosis. As a result, restenosis was
reduced to about 3-7%, a relatively acceptable figure. Today,
the DES 1s the default industry standard for the treatment of 30
atherosclerosis and 1s rapidly gaining favor for treatment of
stenoses of blood vessels other than coronary arteries such as
peripheral angioplasty of the superficial femoral artery.

An improvement 1n the DES 1s the multiple-drug DES.
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SUMMARY
The current invention 1s directed to coatings for substrates,
particularly coated implantable medical devices, and meth-
ods of treatment using the devices. 60

Thus, 1n one aspect, the present invention relates to a medi-
cal device including a device body with an outer surface, and
a coating. The coating includes one or more coating layers
disposed over the surface, a hydrophobic polymer, an olimus
drug, and a dexamethasone derivative or analog. The dexam-
cthasone dertvative or analog 1n the coating 1s substantially
amorphous.

65

2

Thus, 1n another aspect, the present invention relates to a
method of treating a medical condition 1n a patient by
implanting 1n a patient in need thereol a coated device as
described 1n the previous.

In an aspect of this invention, the olimus drug dose 1s
between about 10 and about 600 pg/cm” and the dose of
dexamethasone derivative or analog 1s between 10 and about
600 pg/cm.”

In an aspect of this invention, one coating layer comprises
the olimus drug and the dexamethasone dertvative or analog.

In an aspect of this invention, the mass ratio of olimus drug,
to dexamethasone derivative or analog 1s between about 1:1
and about 1:4.

In an aspect of this invention, the device 1s an implantable
medical device.

In an aspect of this invention, the implantable medical
device 1s a stent.

In an aspect of this imvention, the device 1s a catheter
balloon.

In an aspect of this invention, the hydrophobic polymer 1s
a fluoropolymer.

In an aspect of this invention, the hydrophobic polymer 1s
a fluoropolymer comprising at least 25% vinylidene fluoride
by weight.

In an aspect of this invention, the hydrophobic polymer 1s
PVDEF-HFP.

In an aspect of this invention, the olimus drug 1s selected
from the group consisting of sirolimus, everolimus, zotaroli-
mus, biolimus A9, novolimus, temsirolimus, AP23572, and
combinations thereof.

In an aspect of this invention, the dexamethasone deriva-
tive or analog 1s a compound of the formula, or any combi-
nation of compounds represented by the formula:

O

wherein R1 may be selected from the group the consisting
of

0 0 0
—O—E—O—Rz, —O—E—Rz, —ﬂ—O—Rz,
0 0 0
| | |
—8§—C—R,, —C—S—R,, —0O—C—NH—R,,
0 0
| |
—NH—C—0—R,, —0—C—S—R,,
0
S ‘c‘: O—R,, and O—Ry;

wherein R, 1s selected from the group consisting o1 (C1-C16)
alkyl, (C2-Cl6)alkenyl, (C2-Clé6)alkynyl, (C3-C10)cy-
cloalkyl, phenyl, ester, carbonate, ether, and ketone. Any one
or more hydrogen atoms on the cycloalkyl or aromatic ring 1s
optionally substituted with a substituent selected from the
group consisting of alkyl, alkenyl, and alkynyl, and any one or
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more hydrogen atoms on R, are optionally replaced with
chlorine, fluorine or a combination thereof. The total number
of carbon atoms 1n R, 1s not more than 16.

In an aspect of this invention, the dexamethasone deriva-

tive or analog 1s a compound of the formula, or any combi-
nation of compounds represented by the formula:

O

wherein R1 may be selected from the group the consisting of

I I I
—0—(C—0—R,, —0—C—R,, —C—O0—R,,
0 0 0
| | |
—S§—C—R,, —C—S8—R,, —O—C—NH—R,,
0 0
| |
—NH—C—0—R,, —0—C—S—R,,
0
|
§—C—O0—R,,

and -0-R.,; and wherein R, 1s selected from the group consist-
ing of methyl, ethyl, n-propyl, n-butyl, tert-butyl, n-pentyl,
n-hexyl, phenyl, benzyl, pentadecane (C, H,;,), tetrahydro-
phthalate, 4-pyridinium, diethylaminomethylene, and meta-
sulfobenzoate.

In an aspect of this invention, the dexamethasone deriva-
tive or analog 1s selected from the group consisting of dex-
amethasone acetate, dexamethasone palmitate, dexametha-
sone diethylaminoacetate, dexamethasone isonicotinate,
dexamethasone tert-butylacetate, dexamethasone tetrahydro-
phthalate, and combinations thereof.

In an aspect of this invention, the dexamethasone deriva-
tive or analog 1s dexamethasone acetate.

In an aspect of this invention, the cumulative drug release
of the olimus drug i1s not more than 50% of the total olimus
drug content at 24 hours.

In an aspect of this invention, the cumulative drug release
of the dexamethasone derivative or analog 1s not more than
50% of the total dexamethasone derivative or analog drug
content at 24 hours.

In an aspect of this invention, the coating includes zotaroli-
mus and dexamethasone acetate.

In another aspect, the coating includes everolimus and/or
zotarolimus and dexamethasone acetate. The cumulative
drug release of the dexamethasone acetate 1s not more than
50% of the total dexamethasone acetate content at 24 hours,
and the cumulative drug release of the zotarolimus and/or
everolimus 1s not more than 50% of the total zotarolimus
and/or everolimus content at 24 hours.

In an aspect of this invention, the medical condition to be
treated 1s selected from restenosis, atherosclerosis, thrombo-
s1s, hemorrhage, vascular dissection or perforation, vascular
aneurysm, vulnerable plaque, chronic total occlusion, clau-
dication, anastomotic proliferation (for vein and artificial
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grafts), bile duct obstruction, ureter obstruction, tumor
obstruction, or combinations of these.

DETAILED DESCRIPTION

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A and 1B depict a coated stent after sterilization at
magnifications of 200 and 500, respectively.

FIGS. 2A and 2B depict a coated stent before sterilization
at magnifications of 200 and 500, respectively.

FIGS. 2C and 2D depict a coated stent after sterilization at
magnifications of 200 and 500, respectively.

FIGS. 3A and 3B depict a coated stent before sterilization
at magnifications of 100 and 200, respectively.

FIGS. 3C and 3D depict a coated stent after sterilization at
magnifications of 100 and 200, respectively.

FIG. 4 depicts an SEM of the surface of a coated stent.

FIGS. 5A and 5B depict two different coated stents after
sterilization at a magnification of 100.

FIGS. 6 A and 6B depict two different coated stents after
sterilization at a magnmification of 100.

FIG. 7 depicts the cumulative release profile of an olimus
drug and a dexamethasone derivative from a coated stent
wherein the coating 1s an embodiment of the present 1nven-
tion.

FIG. 8 depicts the % stenosis for different coated stents 1n
a 28-day porcine pre-clinical study.

FIG. 9 depicts the inflammation for different coated stents
in a 28-day porcine pre-clinical study.

FIG. 10 depicts the % granulomas for di
stents 1n a 28-day porcine pre-clinical study.

[l

‘erent coated

DISCUSSION

The present invention encompasses a coating disposed
over the surface of a substrate, the coated substrates, and
methods of treatment utilizing coated medical devices. The
coating includes a polymer, an olimus drug, and a drug
selected from dexamethasone derivatives and analogs. The
polymer may be a hydrophobic polymer, preterably a fluo-
ropolymer, and more preferably a fluoropolymer with at least
25% vinylidene fluoride by weight.

As outlined above, DES has been introduced to help reduce
restenosis. A number of cellular mechanisms have been pro-
posed that lead to restenosis of a vessel. Two of these mecha-
nisms are (1) the migration and proliferation of smooth
muscle cells to and at the site of injury, and (2) the acute and
chronic inflammatory response to mjury and foreign body
presence.

Stenting of an artery may lead to vascular injury. This 1s
partially due to mechanical injury induced by stent implan-
tation that can cause endothelial denudation and vessel injury.
Endothelial denudation 1s directly associated with the forma-
tion of lesions 1n the vessel wall which may incite an intlam-
matory response. When inflamed, the endothelial cells that
line the blood vessels produce substances called chemokines
that attract neutrophils, monocytes, and other white blood
cells to the site of injury. Swelling of endothelial cells disrupts
the tight connections between the endothelial cells, allowing
neutrophils and monocytes to transmigrate into the surround-
ing tissue. The subsequent recruitment of neutrophils and
monocytes into the tissue 1s a normal part of the healing
process. However, 11 the mflammation becomes chronic the
prolonged residence of neutrophils, macrophages, and lym-
phocytes can actually imnhibit healing and exacerbate the tis-
sue damage from the original mmjury. When tissue repair
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occurs 1t can be dysregulated, and when combined with pro-
longed mflammation, this may lead to excessive neointimal
formation and scarring.

Vulnerable plaque (VP) refers to a fatty build-up 1n an
artery thought to be caused by chronic atherosclerotic disease
combined with an accumulation of lipid and foam cells 1n the
vessel wall. The VP 1s covered by a thin fibrous cap that can
rupture leading to blood clot formation. Since sites of VP have
a higher density of macrophages and lymphocytes than other
types of atherosclerotic lesions, 1t 1s expected that these sites,
when stented, will produce elevated amounts of the cytokines
(IL-1, TNF-alpha) that promote smooth muscle cell prolif-
eration. Previous animal (porcine) studies have demonstrated
that inflammation promotes proliferation at sites of balloon
angioplasty and stent placement (Kornowski, et al., Coron
Artery Dis. 12(6):513-5 (2001)).

To reduce cell proliferation, some DES 1nclude a cytotoxic
compound. Paclitaxel, a cytotoxic compound, 1s expected to
potently 1inhibit endothelial migration and re-endothelializa-
tion potentially resulting 1s a delayed healing response (U.S.
Patent Application publication 2008/0004694, incorporated
by reference, as fully set forth including drawings, herein). In
contrast, it has been shown that dexamethasone has a positive
elfect on endothelial migration and may promote vascular
healing when administered to the lumen of a vessel. Paclitaxel
and zotarolimus, but not dexamethasone, 1nhibit endothelial
cell proliferation. Furthermore, paclitaxel, but not zotaroli-
mus or dexamethasone, inhibits migration of human coronary
artery endothelial cells in vitro. Compared to paclitaxel, a
combination of dexamethasone and zotarolimus are predicted
to have less inhibition for re-endothelialization of vascular
regions.

Addition of an anti-inflammatory drug to an olimus drug
such as zotarolimus will suppress the inflammatory response
to stent implantation more than i1s the case when stents are
implanted carrying only an olimus drug. In cases where the
inflammation 1s above that required for normal healing, and
chronic, addition of the anti-inflammatory drug may assist
with healing. The inflammatory response 1tself exacerbates
the neointimal growth. Activated platelets, machrophages
and neutrophils all secrete pro-growth cytokines. A dual drug
system with both an olimus drug and an anti-inflammatory
drug can have a more profound anti-restenonitc effect than
just an olimus drug alone due to the inhibition of multiple
pathways for neointimal growth. This attribute can be lever-
aged for improved healing by reducing the dose of the olimus
drug or duration of drug release while still maintaining a high
level of efficacy.

Therefore, a combination of dexamethasone and zotaroli-
mus 1n a single DES would be advantageous, and a combina-
tion of both 1n a single coating layer would be even more
advantageous.

Multiple drug DES present a challenge. A DES including
everolimus has been approved for use 1in the United States, but
addition of dexamethasone to this coating results 1n signifi-
cant dexamethasone crystallization within the polymer coat-
ing. Dexamethasone belongs to the glucocorticoid or steroi-
dal family of drugs. This family, as a whole, has a strong
propensity to crystallize. This 1s driven by the flat and rigid,
four member ring structure which gives the molecule little
internal degrees 11 freedom and allows them to stack very
cificiently. The high melting points for this class of com-
pounds 1s an mdicator of the thermodynamic stability of the
crystals formed. Crystallization of the drug within the coating
may i1mpact release rate. It 1s believed that crystals on the
surface may also potentially pose an embolic hazard. More-
over, crystals on the surface pose aesthetic 1ssues. As only a
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portion of the dexamethasone may crystallize, a change in
degree of crystallinity with time can create a stability 1ssue. A
DES contaiming dexamethasone may be manufactured utiliz-
ing a polymer with some hydrophilic groups. However, use of
such a polymer 1n a coating results 1n quick release of the
dexamethasone.

It has been found that a more lipophilic derivative of or
analog of dexamethasone in combination with everolimus (or
zotarolimus) when used at the appropriate mass percent of
drug in a coating layer including a hydrophobic polymer
leads to lower levels of crystallization than the combination of
dexamethasone and everolimus. With the more lipophilic
dexamethasone derivative or analog, the driving force for the
drug to crystallize 1s reduced 1n hydrophobic polymers. This
1s due to the increased solubility of the lipophilic dexametha-
sone derivative or analog in the polymer. The improved com-
patibility 1s maintained even after sterilization of the device
with ethylene oxide. Additionally, the hydrophobic polymer
provides for the controlled release of both the olimus drug and
the dexamethasone derivative or analog.

For the purposes of this invention, the coatings may be
applied to a number of substrates of which a stent 1s an
example. Although reference may be made to “an olimus
drug,” “a dexamethasone derivative or analog,” and *““a poly-
mer” when referring to coatings or coated substrates, embodi-
ments of the present invention encompass one or more olimus
drugs, one or more of the group of dexamethasone derivatives
and analogs, and one or more polymers. In some embodi-
ments, clinical efficacy 1s obtained by the use of a combina-
tion of drugs where the dose of each of the individual drugs in
the combination would not be clinically efficacious 11 used
alone.

Definitions

As used herein, unless specified otherwise, any words of
approximation such as, without limitation, “about,” “essen-
tially,” “substantially” and the like mean that the element so
modified need not be exactly what 1s described but can vary
from the description by as much as +5% without exceeding
the scope of this invention.

As used herein, a “drug,” refers to any substance that, when
administered 1n a therapeutically effective amount to a patient
sulfering from a disease or condition, has a therapeutic ben-
eficial effect on the health and well-being of the patient. A
therapeutic beneficial effect on the health and well-being of
an individual includes, but 1s not limited to: (1) curing the
disease or condition; (2) slowing the progress of the disease or
condition; (3) causing the disease or condition to retrogress;
or, (4) alleviating one or more symptoms of the disease or
condition.

As used herein, a drug also includes any substance that
when administered to a patient, known or suspected of being
particularly susceptible to a disease, 1n a prophylactically
cifective amount, has a prophylactic beneficial effect on the
health and well-being of the patient. A prophylactic beneficial
cifect on the health and well-being of a patient includes, but 1s
not limited to: (1) preventing or delaying on-set of the disease
or condition 1n the first place; (2) maintaining a disease or
condition at a retrogressed level once such level has been
achieved by atherapeutically effective amount of a substance,
which may be the same as or different from the substance
used 1n a prophylactically effective amount; or, (3 ) preventing
or delaying recurrence of the disease or condition after a
course of treatment with a therapeutically effective amount of
a substance, which may be the same as or different from the
substance used in a prophylactically effective amount, has

concluded.




US 8,092,822 B2

7

As used herein, “drug,” also refers to pharmaceutically
acceptable, pharmacologically active dermvatives of those
drugs specifically mentioned herein, including, but not lim-
ited to, salts, esters, amides, and the like.

As used herein, a material that 1s described as “disposed
over” an indicated substrate refers to, e.g., a coating layer of
the material deposited directly or indirectly over at least a
portion of the surface of the substrate. Direct depositing
means that the coating layer 1s applied directly to the surface
of the substrate. Indirect depositing means that the coating
layer 1s applied to an intervening layer that has been deposited
directly or indirectly over the substrate. A coating layer 1s
supported by a surface of the substrate, whether the coating
layer 1s deposited directly, or indirectly, onto the surface of
the substrate. The terms “layer” and ““coating layer” will be
used interchangeably herein. As used herein, the term “coat-
ing”” refers to one or more layers deposited on a substrate.

As used herein, “negligible levels of crystals” and “negli-
gible crystallization” mean that the visible crystals number
100 or fewer per cm?, or alternatively, the percent of the drug
crystallized, as determined by X-ray crystallography, differ-
ential scanning calorimetry, solid state NMR, or IR analysis,
il appropriate, 1s about 10% or less. Inspection of the device
by reflectance microscopy with crossed polarizers 1s an effec-
tive method to visual the drug crystals. By this method, the
crystals shine brightly making them amenable to quantifica-
tion by manual counting or by image analysis.

Dexamethasone Dertvatives and Analogs

Embodiments of the present invention encompass dexam-
cthasone derivatives and analogs that are more lipophilic than
dexamethasone, and any combination of these dexametha-
sone dermvatives and analogs.

Dexamethasone 1s a compound of the following formula:

Dexamethasone has a molecular weight 01392.45 and a melt-
ing point of around 262 to 264° C.

As used herein, the term “dexamethasone derivatives and
analogs” encompasses compounds of the following formula:
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where the R, 1s one of the following:

I i I
0O—C—O0—R,, O—C—R>. C—O—R,,
O O O
[ | [
S—C—R,, C—S—R,, O—C—NH—R,,
I I
—NH—C—0O—R,, —0O0—~C S—Ry,
O
|
S—(C—O0—R,,
or —O—R,, and where R, may be a hydrophobic moiety as

outlined below.

As used herein, “alkyl” refers to a straight, branched chain
fully saturated (no double or triple bonds) hydrocarbon
group. Examples of alkyl groups include, but are not limited
to, methyl, ethyl, propyl, 1sopropyl, butyl, 1sobutyl, tertiary
butyl, pentyl, hexyl, ethenyl, propenyl, butenyl, cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl. As used herein,
“alky]l” includes “alkylene” groups, which refer to straight or
branched fully saturated hydrocarbon groups having two
rather than one open valences for bonding to other groups.
Examples of alkylene groups include, but are not limited to
methylene, —CH,—, ethylene, —CH,CH,—, propylene,
—CH,CH,CH,—, n-butylene, —CH,CH,CH,CH,—, sec-
butylene, —CH,CH,CH(CH,)— and the like.

As used herein, “Cm to Cn,” wherein m and n are integers
refers to the number of possible carbon atoms 1n the indicated
group. That 1s, the group can contain from “m” to “n”, inclu-
s1ve, carbon atoms. For instance without limitation, an alkyl
group of this invention may consist of 3 to 8 carbon atoms, 1n
which case 1t would be designated as a (C3-C8)alkyl group.
The numbers are inclusive and incorporate all straight or
branched chain structures having the indicated number of
carbon atoms. For example without limitation, a “C1 to C4
alkyl” group refers to all alkyl groups having from 1 to 4
carbons, that 1s, CH,—, CH,CH,— CH,CH,CH,—,
CH,CH(CH,)—, CH,CH,CH,CH,—, CH,CH,CH(CH;)—
and (CH,),CH—.

As use herein, a cycloalkyl group refers to an alkyl group 1n
which the end carbon atoms of the alkyl chain are covalently
bonded to one another. The numbers “m”™ and “n” refer to the
number of carbon atoms 1n the ring formed. Thus for instance,
a (C3-CR8) cycloalkyl group refers to a three, four, five, six,
seven or eight member ring, that 1s, cyclopropane, cyclobu-
tane, cyclopentane, cyclohexane, cycloheptane and cyclooc-
tane.

As used herein, “alkenyl” refers to a hydrocarbon group
that contains one or more double bonds.

As used herein, “alkynyl” refers to a hydrocarbon group
that contains one or more triple bonds.

As used herein, “aromatic” refers to a hydrocarbon com-

pound which comprises a benzene ring, which 1s represented

O

Standard shorthand designations well-known to those
skilled 1n the art are used throughout this application. Thus
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the intended structure will easily be recognizable to those
skilled 1n the art based on the required valence of any particu-

lar atom with the understanding that all necessary hydrogen

atoms are provided. For example, —COR or —C(O)R,
because carbon 1s tetravalent, must refer to the structure

O

—(C—R

as that 1s the only way the carbon can be tetravalent without
the addition of hydrogen or other atoms no shown in the
structure.

Likewise, 1t 1s understood by those skilled in the chemaical
arts that so-called stick structure, exemplified by

represents the structure

CH;

ch CH2;

-
\CH

P -

that 1s, each terminus 1s capped with a CH, group and the apex
of each angle 1s a carbon atom with the requisite number of
hydrogen atoms attached.

The R, moiety of the R, substituent above may be any
moiety containing hydrogen, carbon, and oxygen, but 1f oxy-
gen 1s present 1t 1s part of an ester

O

C—Rg,

Rs—O

an ether (—R.—0O—R,), a carbonate

O

(Rs=—0—C—0—Ry),

and/or a ketone

O

(—R5—C

Re)

wherein the R and R, substituents each contain at least one
carbon atom which 1s connected to the ester, carbonate, and
ketone groups (that1s R and R, are not H or—OH). The total
number of carbon atoms 1n the R, moiety 1s not more than 16.

The R, moiety can be a hydrocarbon containing between 1
and 16 carbons including a saturated hydrocarbon such as a
C1-C16 alkyl, or unsaturated hydrocarbon, that 1s a C2-C16

alkenyl, a C2-C16 alkynyl, or a moiety containing both
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double and triple carbon-carbon bonds. The R, moiety may
be a branched or straight chain. The R, moiety may include a
cycloaliphatic, such as a C3-C10 cycloalkyl, an aromatic
group, and/or another hydrocarbon ring structure containing
one or more double and/or one or more triple carbon-carbon
bonds. One or more substituent groups may optionally be
attached to a ring.

[ the R, moiety includes a ring, then the ring may connect
to the

I I I
O0—C—O0—R,, O0—C—R,, C—O—R,,
0 ® ®
| | |
—S§—C—R,, —(C—8—R,, —O—C—NH—R,,
0 0
| |
— NH—C—0—R,, —0—C—S—R,,
0
l
S—C—O0—R,,

or -0-R,,, directly or via a substituent group.

The above description of the R, moiety 1s also applicable to
the R; and R, moieties, and any optional substituents on a
ring, except that the number of carbon atoms 1n each 1s limited
as the total number of carbon atoms 1n the R, moiety 1s not
more than 16. Thus, there may be multiple ester, carbonate,
and/or ketone groups present 1n a R, moiety, and any one or
more of these may be present on a substituent group. In other
words, the R and R moieties may also include one or more
groups independently selected from ester, carbonate, and/or
ketone, provided that on each side of each of the ester, car-
bonate, and/or ketone groups attach to a carbon atom. The
substituents on the ring may form another ring.

The R, moiety may also be benzyl, tetrahydrophthalate,
4-pyridintum, diethylaminomethylene, or metasulioben-
zoate.

In any of the possible R, moieties, one or more of the
hydrogen atoms may be replaced with a halogen atom such
as, without limitation, fluorine and/or chlorine.

Non-limiting examples of R, groups include the following:

HC=—=C
CHj;

H

—H,C—C —C—CH;, —H,CH,C CHs,

CH,
— H2C4</ \>7CH3= — (CHy)p,— O—(CH;),CHs,
—(CH,),CH;, —H,C—0O 4@? O—(CH,),CHs,

O

—— HC=—HC—H,C—C—(CH,),CHj,

= | orcn, o

O

——(CH,),,—O0—C—0—CHx.

In the above examples, m and n represent integers.
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A preferred list of R, moieties includes methyl, ethyl,
n-propyl, n-butyl, tert-butyl, n-pentyl, n-hexyl, phenyl, ben-
zyl, pentadecane (C, H,,), tetrahydrophthalate, 4-pyri-
dinium, diethylaminomethylene, and metasulfobenzoate.

As used here, the term “dexamethasone derivatives and
analogs™ also encompasses derivatives or analogs of dexam-
cthasone with a solubility parameter less than or equal to 10

(cal/cm™)"~.

As used herein, the term “dexamethasone derivatives and
analogs™ also encompasses the following specific com-
pounds, without limitation:

Dexamethasone acetate

(CH»)14CH3

Dexamethasone palmitate (limethasone)

O

Dexamethasone isonicotinate
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-continued

Dexamethasone tert-butylacetate

The dose of the dexamethasone derivative or analog may
range from 10-600 pg/cm?, preferably from 20 to 400 pug/cm?,
and more preferably from 30 to 200 pg/cm”.

Olimus Drugs
Embodiments of the present invention include one or more

olimus drugs.

As used herein, the term “olimus drug,” refers to rapamycin
(sirolimus) and 1ts functional or structural derivatives. These
derivatives include, without limitation: Biolimus A9 (Biosen-
sors International, Singapore), deforolimus, AP23572 (Anad

Pharmaceuticals), tacrolimus, temsirolimus, pimecrolimus,
novolimus, zotarolimus (ABT-578), 40-O-(2-hydroxy )ethyl-
rapamycin (everolimus), 40-O-(3-hydroxypropyl)rapamycin
(a structural derivative of rapamycin), 40-O-[2-(2-hydroxy)
cthoxy]ethyl-rapamycin (a structural derivative of rapamy-
cin), 40-O-tetrazolylrapamycin, and 40-ep1-(N1-tetrazolyl)-
rapamycin. Also included 1n olimus drugs are those
compounds with a substituent at the carbon corresponding to
the 42 or 40 carbon of rapamycin.

The dose of the olimus drug may range from 10-600
ug/cm?, preferably from 20 to 400 ug/cm?, and more prefer-
ably from 30 to 200 ug/cm”.

Hydrophobic Polymers

Embodiments of the present invention encompass one or
more hydrophobic polymers. Also polymers that are not char-
acterized as “hydrophobic polymers™ may also be included 1n
the coatings of the present invention.

As used herein, a “polymer” 1s a molecule made up of the
repetition of a simpler unit, herein referred to as a “constitu-
tional unit,” wherein the constitutional units derive from the
reaction of monomers. A non-limiting example, CH,—CH,
or ethylene, 1s a monomer that can be polymerized to form
polyethylene, such as CH,(CH,) CH,, wherein the constitu-
tional unitis —CH,—CH,—, ethylene having lost the double
bond as a result of the polymerization reaction. A polymer of
this mvention may be derived from the polymerization of
several different monomers and therefore may comprise sev-
eral different constitutional units. Such polymers are referred
to as “copolymers.” Those skilled 1n the art, given a particular
polymer, will readily recognize the constitutional units of that
polymer and will equal readily recognize the structure of the
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monomer from which the constitutional units derive. Poly-
mers of this mnvention may be regular alternating polymers,
random alternating polymers, regular block polymers, ran-
dom block polymers or purely random polymers unless
expressly noted otherwise. Polymers may be cross-linked for
form a network.

As used herein, a “hydrophobic polymer” i1s one for which
the water absorption by the polymer 1s not more than about
5% by weight, measured at or near at physiological condi-
tions, that 1s at about 37° C., normal atmospheric pressure
(about 1 atmosphere), and at about pH 7 4.

In some embodiments, the hydrophobic polymer used may
be one for which the water absorption at 37° C. and normal
atmospheric pressure 1s not more than 2% by weight, or more
narrowly, not more than 1% by weight, or even more nar-
rowly, not more than 0.5% by weight, or most narrowly, not
more than 0.1% by weight.

In some embodiments, the hydrophobic polymer may be

one with a solubility parameter less than or equal to about
11.5 (cal/cm’)"/~.

In some embodiments, the hydrophobic polymer 1s a fluo-
ropolymer. A fluoropolymer 1s one that contains fluorine
atoms, generally 1n locations where one or more hydrogen
atoms would exist 1n the equivalent non-fluoropolymer. Some
non-limiting examples of fluoropolymers include poly(vi-
nylidene fluoride) (“PVDE”), poly(vinylidene fluoride-co-
hexafluoropropene) (“PDVF-HFP”), poly(tetrafluoroethyl-
ene) (“PTFE.” or TEFLON®), fluorinated poly(ethylene-co-
propylene) (“FEP”), poly(hexafluoropropene), poly
(chlorotrifluoroethylene)  (“PCTFE”), poly(vinylidene
fluoride-co-tetrafluoroethylene) (“PVDF-TFE”), poly(tet-
rafluoroethylene-co-hexatluoropropene), poly(tetrafluoroet-
hylene-co-vinyl alcohol), poly(tetratluoroethylene-co-vinyl
acetate), poly(tetrafluoroethylene-co-propene), poly
(hexatluoropropene-co-vinyl alcohol), poly(tetratluoroethyl-
ene-co-tluoromethylvinyl ether), poly(ethylene-co-tetratluo-
roethylene) (“ETFE™), poly(ethylene-co-
hexafluoropropene), poly(vinylidene fluoride-co-
chlorotrifluoroethylene), fluorinated silicones, perfluoroalkyl
vinyl ether and tetratluoroethylene co-polymer(*“PFA”), a co-
polymer of vinylidenedifluoride, hexafluoropropylene and
tetrafluoroethylene(*“TFB”), polyvinylfluonde(*PVF”), a
copolymer of poly(tetrafluoroethylene) and fluoromethylvi-
nyl ether, poly(vinylidene fluoride-co-chlorotrifluoroethyl-
ene), poly(vinylidene fluoride-co-ethylene), poly(vinylidene
fluoride-co-tetrafluoroethylene), poly(tetratluoroethylene-
co-cthylene), poly(vinylidene fluoride-co-trifluoroethylene)
(“PVDF-TrFE”), and poly(vinylidene fluoride-co-tetratluo-
roethylene). Other fluoropolymers include a fluoroalkoxyl-
containing polymer, a mixture of silicone and a tfluoropoly-
mer. Any combination of the above listed fluoropolymers
may be used.

Preferred classes of polymers are fluoropolymers includ-
ing at least 25% by weight of vinylidene fluoride, and the
PDVF-HFP copolymers. A more preferred group ol polymers
1s PDVF-HFP polymers with at least 25% by weight of
vinylidene fluoride.

Coating Constructs

As used herein, a “primer layer” refers to a coating layer
including a polymer or blend of polymers that exhibit good
adhesion characteristics with regard to the material of which
the substrate 1s manufactured and whatever matenal 1s to be
coated on the substrate. Thus, a primer layer serves as an
adhesive mtermediary layer between a substrate and materi-
als to be carried by the substrate and 1s, therefore, applied
directly to the substrate.
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As used herein, “drug reservoir layer” refers to a layer that
includes one or more drugs. The layer may comprise one or
more drugs applied neat, applied with an excipient such as a
binder, or as a component of a polymer matrix. A polymeric
drug reservoir layer 1s designed such that, by one mechanism
or another, e¢.g., without limitation, by elution or as the result
of biodegradation of the polymer, the drug 1s released from
the layer 1nto the surrounding environment.

Embodiments of the present invention encompass coating,
constructs which include a hydrophobic polymer, a dexam-
cthasone dermvative or analog, and an olimus drug 1n one
coating layer, to be referred to herein as a “DD/OD drug
reservolr layer” In some embodiments, the DD/OD drug
reservoir layer 1s the only coating layer on the substrate, while
in a preferred embodiment there 1s a primer layer 1n addition
to the DD/OD drug reservoir layer. In some embodiments, the
olimus drug and the dexamethasone dertvative or analog may
be applied in separate coating layers each of which optionally
include one or more polymers. The olimus drug and/or the
dexamethasone derivative or analog may be applied 1n one or
two non-polymeric drug reservoir layers with a layer includ-
ing a hydrophobic polymer above these layer(s). The layer
above may be a layer including an olimus drug and/or a drug
from the group of dexamethasone dermvatives and analogs,
and/or the layer may be a DD/OD drug reservorr layer.

Embodiments of the invention include one or more drug
reservoir layers, any number (including zero) of coating lay-
ers below the drug reservoir layer(s), any number of layers
above the drug reservoir layer(s), any number ol coating
layers between the multiple drug reservoir layers, 1f more
than one drug reservoir layer, and any combination of the
above.

Any layer may optionally contain another drug other than
an olimus drug and/or dexamethasone derivative or analog,
including any drug reservoir layer that includes an olimus
drug and/or a drug 1n the group of dexamethasone derivatives
and analogs. For multiple drug reservoir layers, there may be
different types of polymers, olimus drugs, and/or different
drugs from the group of dexamethasone derivatives and ana-
logs used 1n the different layers.

The mass percent of olimus drug 1n the drug reservoir layer
may be from about 2% to about 90% 11 the drug reservoir layer
includes a polymer, preferably from about 4% to about 50%
by mass, and more preferably from 5% to 25% by mass.

The mass percent of dexamethasone derivative or analog in
the drug reservoir layer may be from about 1% to about 90%
if the drug reservoir layer includes a polymer, preferably from
about 2% to about 50% by mass, and more preferably from
about 4% to about 20% by mass.

For non-polymeric drug reservoir layers, the mass percent
of either olimus drug, dexamethasone derivative or analog,
and/or the combination thereof, may be about 100%, or may
be from about 73% to about 100%, preferably from about
50% to about 90% by mass, and more preferably from about
10% to about 75% by mass.

The mass percent of hydrophobic polymer in the drug
reservoir layer may be from about 10% to about 98% by mass,
with a preferred range from 30% to 90%, and a more preferred
range from about 50% to about 85%. In some embodiments,
the drug reservoir layer includes essentially only polymer and
drug(s). In other embodiments, polymer and drug(s) are at
least 80% or at least 90% by weight of the drug reservoir
layer.

Embodiments of the present invention encompass a total
coating thickness from 0.2 microns to 50 microns, preferably
0.5 microns to 25 microns, and more preferably 1 micron to
15 microns. For an individual coating layer, the thickness may
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range from 0.2 microns to 50 microns, preferably 0.5 microns
to 25 microns, and more preferably 1 micron to 15 microns.

In some embodiments, the coating may be disposed over
all, or substantially all, of the surface of the substrate, such as
the outer surface of the device body of an 1implantable medical
device. In some embodiments of the present invention, the
coating may be disposed over only part of or portions of the
substrate. As a non-limiting example, the abluminal or the
luminal side of a stent may be selectively coated.

Improved Compatibility

As noted above, 1t 15 believed that an implantable medical
device including both dexamethasone and everolimus (or
zotarolimus or another olimus drug) provides climical advan-
tages. Also as noted 1n Example 7, in a 28-day safety study in
domestic farm swine (“pi1gs”), a stent including both zotarol:i-
mus and dexamethasone acetate exhibited a lower extent of
stenosis than a control DES consisting of the same stent
platform coated with the same polymer but only containing
the drug everolimus.

Embodiments of the present invention encompass a drug to
polymer ratio 1n the range of about 1:1 to about 1:6 on a mass
basis, or more preferably from about 1:1.5 to about 1:5, or
most preferably from about 1:2.3 to about 1:4 1n a drug
reservolr layer, including a DD/OD drug reservoir layer. The
drug to polymer ratio as used herein refers to the ratio of the
total drug that 1s the sum of the one or more olimus drugs and
the one or more drugs selected from the group of dexametha-
sone derivatives and analogs, to the total polymer in the layer.

As noted above, 1t has been found that a sub-set of dexam-
cthasone derivatives and analogs, 11 used along with an oli-
mus drug such as everolimus or zotarolimus 1n one coating
layer with a hydrophobic polymer, allows for the production
of a coating layer having a dexamethasone derivative or ana-
log that 1s substantially amorphous.

As used herein, “substantially amorphous” refers about
10% crystallinity or less as measured by X-ray crystallogra-
phy, differential scanning calorimetry, solid state NMR, or IR
analysis measured at the time of use, such as, for example, the
time of deployment or implantation for an implantable medi-
cal device.

The mass ratio of the olimus drug to the dexamethasone
derivative or analog may be from 10:1 to 1:10, preferably
from 6:1 to 1:6, and more preferably from 1:2 to 1:4. The
molar ratio of the olimus drug to the dexamethasone deriva-
tive or analog may be from 3:1 to 1:25, preferably from 2:1 to
1:12, and more preferably from 1:3 to 1:9.

In some embodiments, a DD/OD drug reservoir exhibits an
extent of crystallization of not more than 25% by weight of
the dexamethasone derivative or analog present, preferably
not more than 15% by weight, and preferably, negligible
crystallization.

During ethylene oxide sterilization, the medical device 1s
exposed to gas phase ethylene oxide that sterilizes through an
alkylation reaction that prevents organisms from reproduc-
ing. Ethylene oxide penetrates the device, and then the device
1s aerated to assure very low residual levels of ethylene oxide
because 1t 1s highly toxic. Thus, the ethylene oxide steriliza-
tion 1s often performed at elevated temperatures to speed up
the process.

The combination of elevated temperature, humidity and
cthylene oxide gas during E'TO sterilization may impact drug
recrystallization. Elevated temperature can increase the
kinetics of drug recrystallization or elevate the coating above
its glass transition temperature (1,). In the rubbery phase, the
kinetics of drug crystallization can be accelerated. Moisture
can also plasticize some polymers which are not hydropho-
bic, while ethylene oxide can plasticize many hydrophobic
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polymers. Water droplets on the coating surface can also act
as nucle1 for drug crystallization.

Thus, 1n some embodiments, a DD/OD drug reservoir
exhibits an extent of crystallization of not more than 25% by
weight of the dexamethasone derivative or analog present,
preferably of not more than 15% by weight, and more pret-
erably, negligible crystallization aifter sterilization with eth-
ylene oxide. In some embodiments, a DD/OD drug reservoir
exhibits an extent of crystallization of not more than 25% by
weight of the dexamethasone derivative or analog present,
preferably of not more than 15% by weight, and more pret-
erably, negligible crystallization, after sterilization with eth-
ylene oxide at a temperature 1n the range of about 30 to about
55° C. and for a duration of about 2 to about 24 hours.
Release Rates

As 1llustrated in Example 6, the coating layers of the
present invention allow for controlled release of both an oli-
mus drug and a drug from the group of dexamethasone deriva-
tives and analogs. A measure of the 1n vivo drug release rate
may be accomplished 1n vitro by use of a biologically relevant
medium, such as porcine serum, at 37° C. Thus, 1n some
embodiments the olimus drug and the dexamethasone deriva-
tive or analog each have an in-vitro cumulative release (as
measured for coated substrates 1n the unsterilized state) ot not
more than 50% of the total drug content at 24 hours, and the
time period for 80% of the drug to be released 1s 7 days or
longer. In a preferred embodiment, for each drug, the in-vitro
release at 24 hours does not exceed 40% of the total drug
content, and the time period for 80% of the drug to be released
1s 7 days or longer.

In some embodiments, each of the olimus drug and the
dexamethasone dervative or analog have an 1n-vivo cumula-
tive release (animal mncluding human) of not more than 50%
of the total drug content at 24 hours, and the time period for
80% of the drug to be released 1s 7 days or longer. In a
preferred embodiment, for each drug, the in-vivo release at 24
hours does not exceed 40% of the total drug content and the
time period for 80% of the drug to be released 1s 7 days or
longer.

In some embodiments, only one of the two drugs may
satisty the above cumulative release critena.

Substrates

The coatings included in the various embodiments of the
present invention may be applied to any substrate for which a
coating 1s beneficial or desirable. Preferred substrates are
medical devices, and especially implantable medical devices.

As used herein, an “implantable medical device” refers to
any type of appliance that 1s totally or partly introduced,

surgically or medically, into a patient’s body or by medical
intervention into a natural orifice, and which 1s intended to
remain there after the procedure. The duration of implanta-
tion may be essentially permanent, 1.¢., intended to remain in
place for the remaining lifespan of the patient; until the device
biodegrades; or until it 1s physically removed. Examples of
implantable medical devices include, without limitation,
implantable cardiac pacemakers and defibrillators; leads and
clectrodes for the preceding; implantable organ stimulators
such as nerve, bladder, sphincter and diaphragm stimulators,
cochlear implants; prostheses, vascular graits, self-expand-
able stents, balloon-expandable stents, stent-graits, grafits,
artificial heart valves, foramen ovale closure devices, cere-
brospinal fluid shunts, orthopedic fixation devices, and
intrauterine devices. While the preceding devices all have a
primary function and, as a secondary function may be coated
with a coating of this invention, an implantable medical
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device specifically designed and intended solely for the local-
1zed delivery of a drug 1s also within the scope of this mven-
tion.

A preferred implantable medical device 1s a stent. A stent
refers generally to any device used to hold tissue i place in a
patient’s body. Particularly usetul stents, however, are those
used for the maintenance of the patency of a vessel 1n a
patient’s body when the vessel 1s narrowed or closed due to a
diseases or disorder. For example, without limitation, a stent
can be used to strengthen the wall of the vessel 1n the vicinity
of the vulnerable plaque (VP) and act as a shield against
rupture. As outlined above, VP 1s covered by a thin fibrous cap
that can rupture leading to blood clot formation. A stent can
be used 1n, without limitation, neuro, carotid, coronary, pul-
monary, aorta, renal, biliary, iliac, femoral and popliteal as
well as other peripheral vasculatures.

As used herein with respect to an implantable medical
device, “device body” refers to an implantable medical device
in a fully formed utilitarian state with an outer surface to
which no layer of material different from that of which the
device 1s manufactured has been applied. By “outer surface”
1s meant any surface however spatially oriented that 1s 1n
contact with bodily tissue or fluids. A common example of a
“device body™ 1s a BMS, 1.e., a bare metal stent, which, as the
name 1mplies, 1s a fully-formed usable stent that has not been
coated with a layer of any material different from the metal of
which 1t 1s made on any surface that 1s in contact with bodily
tissue or fluids. Of course, device body refers not only to
BMSs but to any uncoated device regardless of what it 1s
made of.

Implantable medical devices can be made of virtually any
material imncluding metals and/or polymers. Devices made
from bioabsorbable and/or biostable polymers could also be
used with the embodiments of the present invention. The
device can be, for example, a bioabsorbable stent. The mate-
rial from which the device 1s manufactured 1s not a limitation
with respect to the present invention.

As used herein, a ““balloon” refers to the well-known 1n the
art device, usually associated with a vascular catheter, that
comprises a relatively thin, tlexible or elastomeric matenal
that when positioned at a particular location 1n a patient’s
vessel can be expanded or inflated to an outside diameter that
1s essentially the same as the 1nside or luminal diameter of the
vessel 1n which 1t 1s placed. Inflation of the balloon may be
cifected by any means known or as shall become known 1n the
art. With respect to the present invention, the particular design
of the balloon 1s not significant, and a wide variety of designs
may be used.

In general, the coating may be applied to a surface of the
substrate, which may be the outer surface of a device body for
an 1mplantable medical device, or the outer surface of a cath-
eter balloon, that 1s the surface 1n contact with bodily fluids or
tissues. For other devices the outer surface, or other appro-
priate surface, may be coated. For a stent the outer surface
includes the luminal, sidewall, and abluminal surfaces.

How to Make

The typical manufacturing process for coating a stent (ex-
ample of a substrate) 1s dissolving or dispersing a polymer,
optionally with other additives, and a drug, 1n a solvent (a
fluid), and disposing the resulting coating solution over the
stent by procedures such as spraying or immersing the stentin
the solution. Such coating procedures are well-known 1n the
art.

In some aspects of the present invention, application of the
coating solution to the stent 1s accomplished by spraying a
solution onto the stent, the solution being atomized with a
compressed gas (non-limiting examples of compressed gases
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include, air, nitrogen, argon, or another inert gas, or a super-
critical tluid may be used). Important aspects of the spray
coating process include the pressure of the atomizing gas and
the spray nozzle to part distance. Multiple passes under the
sprayer and dryer may be required to obtain a coating layer.

After the solution has been disposed over the stent, the
solvent 1s removed, or substantially removed, by evaporation.
When the solvent 1s removed, what 1s left 1s the solid layer
comprising the substances dissolved 1n the coating solution.
The process of solventremoval can be accelerated by using an
clevated temperature, and/or using a flow of a gas or super-
critical flmd over or past the stent. The layer remaining after
solvent has been substantially removed may include a small
amount of residual solvent as removal of absolutely all of the
solvent may be very difficult.

Multiple spraying and drying operations may be required
form a coating layer.

Embodiments of the present invention encompass coatings
in which the coating layer, or materials included in the coating
layer such as a polymer and/or drugs, are not covalently
bound or chemically bound to the surface to which the coating
1s applied (the substrate surface, or a previously applied coat-
ing layer).

Method of Treating or Preventing Disorders

Embodiments of the present invention encompass methods
of treating a patient (animal, including a human) with a coated
medical device wherein the coating may be any one of the
embodiments, or any combination ol embodiments of the
present invention. In particular, an implantable device with a
coating as described herein may be used to treat, prevent,
mitigate, reduce, or diagnose various conditions or disorders,
or to provide a pro-healing effect. Non-limiting examples of
such conditions or disorders include: coronary artery disease,
carotid artery disease, peripheral arterial disease, atheroscle-
rosis, thrombosis, restenosis, hemorrhage, vascular dissec-
tion, vascular perforation, vascular aneurysm, vulnerable
plaque, chronic total occlusion, patent foramen ovale, clau-
dication, anastomotic proliferation of vein and artificial
graits, arteriovenous anastamoses, bile duct obstruction, ure-
ter obstruction, benign pancreatic disease, and tumor obstruc-
tion tumors (in, for example, the esophagus, the trachea/
bronchi, etc.).

In a preferred embodiment, the method of treatment
encompasses treatment of a vascular disease or condition
with a stent including zotarolimus and dexamethasone
acetate, and 1n a more preferred embodiment, the zotarolimus
and dexamethasone acetate are included in the same coating
layer on the stent which also includes a fluoropolymer.
Other Drugs

Other drugs that may be suitable for use in the embodi-
ments ol the present invention, depending, of course, on the
specific disease being treated, include, without limitation,
anti-restenosis, pro- or anti-proliferative, anti-inflammatory,
anti-neoplastic, antimitotic, anti-platelet, anticoagulant, anti-
fibrin, antithrombin, cytostatic, antibiotic, anti-enzymatic,
anti-metabolic, angiogenic, cytoprotective, angiotensin con-
verting enzyme (ACE) mhibiting, angiotensin II receptor
antagonizing and/or cardioprotective drugs.

The term “anti-proliferative” as used herein, refers to a
drug that works to block the proliferative phase of acute
cellular rejection. The anti-proliferative drug can be a natural
proteineous substance such as a cytotoxin or a synthetic mol-
ecule. Other drugs include, without limitation, anti-prolifera-
tive substances such as actinomycin D, or derivatives and
analogs thereof (manufactured by Sigma-Aldrich 1001 West
Saint Paul Avenue, Milwaukee, Wis. 53233; or COSMEGEN

available from Merck) (synonyms of actinomycin D include
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dactinomycin, actinomycin IV, actinomycin I,, actinomycin
X,,and actinomycin C, ), all taxoids such as taxols, docetaxel,
and paclitaxel, paclitaxel derivatives, rapamycin (sirolimus)
and 1ts functional or structural derivatives and the functional
or structural derivatives of everolimus (outlined above with
olimus drugs), FKBP-12 mediated mTOR inhibitors, and
pirfenidone. Additional examples of cytostatic or antiprolii-
erative drugs include, without limitation, angiopeptin, and
fibroblast growth factor (FGF) antagonaists.

Examples of anti-inflammatory drugs include both steroi-
dal and non-steroidal (NSAID) anti-inflammatories such as,
without limitation, clobetasol, alclofenac, alclometasone
dipropionate, algestone acetonide, alpha amylase, amcinaifal,
amcinafide, amienac sodium, amiprilose hydrochloride,
anakinra, anirolac, anitrazalen, apazone, balsalazide diso-
dium, bendazac, benoxaproien, benzydamine hydrochloride,
bromelains, broperamole, budesonide, carproien, ciclopro-
fen, cintazone, cliprofen, clobetasol propionate, clobetasone
butyrate, clopirac, cloticasone propionate, cormethasone
acetate, cortodoxone, deflazacort, desonide, desoximetasone,
dexamethasone, dexamethasone dipropionate, dexametha-
sone acetate, dexmethasone phosphate, momentasone, corti-
sone, cortisone acetate, hydrocortisone, prednisone, pred-
nisone acetate, betamethasone, betamethasone acetate,
diclofenac potassium, diclofenac sodium, ditlorasone diac-
etate, ditflumidone sodium, diflunisal, difluprednate, diftal-
one, dimethyl sulfoxide, drocinonide, endrysone, enlimo-
mab, enolicam sodium, epirizole, etodolac, etofenamate,
felbinac, fenamole, fenbuten, fenclofenac, fenclorac, fen-
dosal, fenpipalone, fentiazac, flazalone, fluazacort, flufe-
namic acid, flumizole, flunisolide acetate, flunixin, flunixin
meglumine, fluocortin butyl, fluorometholone acetate, flu-
quazone, flurbiproien, fluretofen, fluticasone propionate,
turaprofen, furobufen, halcinonide, halobetasol propionate,
halopredone acetate, 1ibufenac, 1ibuprotfen, ibuprofen alumi-
num, itbuprofen piconol, 1llonidap, indomethacin, indometha-
cin sodium, indoproifen, indoxole, intrazole, 1soflupredone
acetate, 1soxepac, 1soxicam, ketoprofen, lofemizole hydro-
chloride, lomoxicam, loteprednol etabonate, meclofenamate
sodium, meclofenamic acid, meclorisone dibutyrate, mefe-
namic acid, mesalamine, meseclazone, methylprednisolone
suleptanate, momitlumate, nabumetone, naproxen, naproxen
sodium, naproxol, nimazone, olsalazine sodium, orgotein,
orpanoxin, oxaprozin, oxyphenbutazone, paranyline hydro-
chloride, pentosan polysulfate sodium, phenbutazone sodium
glycerate, pirfenidone, piroxicam, piroxicam cinnamate,
piroxicam olamine, pirproien, prednazate, prifelone, pro-
dolic acid, proquazone, proxazole, proxazole citrate, rimex-
olone, romazarit, salcolex, salnacedin, salsalate, sangui-
narmum chloride, seclazone, sermetacin, sudoxicam, sulindac,
suprofen, talmetacin, talmtlumate, talosalate, tebuielone,
tenidap, temdap sodium, tenoxicam, tesicam, tesimide, tetry-
damine, tiopinac, tixocortol pivalate, tolmetin, tolmetin
sodium, triclonide, triflumidate, zidometacin, zomepirac
sodium, aspirin (acetylsalicylic acid), salicylic acid, corticos-
teroids, glucocorticoids, tacrolimus and pimecrolimus.

Alternatively, the anti-inflammatory drug can be a biologi-
cal inhibitor of pro-inflammatory signaling molecules. Anti-
inflammatory drugs may be bioactive substances including
antibodies to such biological inflammatory signaling mol-
ecules.

Examples of antineoplastics and antimitotics include,
without limitation, paclitaxel, docetaxel, methotrexate, aza-
thioprine, vincristine, vinblastine, fluorouracil, doxorubicin
hydrochloride and mitomycin.

Examples of anti-platelet, anticoagulant, antifibrin, and
antithrombin drugs include, without limitation, heparin,
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sodium heparin, low molecular weight heparins, heparinoids,
hirudin, argatroban, forskolin, vapiprost, prostacyclin, pros-
tacyclin dextran, D-phe-pro-arg-chloromethylketone, dipy-
ridamole, glycoprotein 1Ilb/illa platelet membrane receptor
antagonist antibody, recombinant hirudin and thrombin,
thrombin inhibitors such as ANGIOMAX® (bivalirudin),
calcium channel blockers such as nifedipine, colchicine, fish
o1l (omega 3-fatty acid), histamine antagonists, lovastatin,
monoclonal antibodies such as those specific for Platelet-
Derived Growth Factor (PDGF) receptors, nitroprusside,
phosphodiesterase 1nhibitors, prostaglandin 1nhibitors,
suramin, serotomin blockers, steroids, thioprotease inhibitors,
triazolopyrimidine, nitric oxide or nitric oxide donors, super
oxide dismutases, super oxide dismutase mimetic and
4-amino-2,2,6,6-tetramethylpiperidine-1-oxyl  (4-amino-
TEMPO).

Examples of ACE inhibitors include, without limitation,
quinapril, perindopril, ramipril, captopril, benazepril, tran-
dolapril, fosinopril, lisinopril, moexipril and enalapril.

Examples of angiotensin II receptor antagonists include,
without limitation, irbesartan and losartan.

Other drugs include, without limitation, estradiol, 17-beta-
estradiol, nitric oxide donors, super oxide dismutases, super
oxide dismutases mimics, 4-amino-2,2,6,6-tetramethylpip-
eridine-1-oxyl (4-amino-TEMPO), v-hiridun, mometasone,
imatinib mesylate, midostaurin, feno fibrate, and feno fibric
acid.

Other drugs that have not been specifically listed may also
be used. Some drugs may fall into more than one of the above
mentioned categories. Prodrugs thereof, co-drugs thereof,
and combinations thereot of the above listed drugs are also
encompassed in the various embodiments of the present
ivention.

EXAMPLES

The examples presented 1n this section are provided by way
of 1illustration of the current invention only and are not
intended nor are they to be construed as limiting the scope of
this invention in any manner whatsoever. Each of the
examples the follows relates to the coating of 3 mmx12 mm
VISION® (Abbott Cardiovascular Systems Inc.) stent, which
has a coatable surface area of 0.557 cm?, or to results from
experiments using the coated stents.

Example 1

All stents were cleaned by sonication 1n 1sopropyl alcohol
followed by treatment with an argon gas plasma to prepare the
surface. By spraying, a primer coating of 2% (w/w) poly(n-
butyl methacrylate) (PBMA) was applied from acetone/cy-
clohexanone (70/30) (w/w) 1n a series of passes. After baking
at 80° C. for 30 minutes, this resulted 1n about 30 ug of PBMA
deposited on the stent. A drug reservoir formulation was
made 1n acetone/cyclohexanone (70/30) (w/w) with 2%
(w/w) PVDF-HFP, and a weight ratio of everolimus (Novar-
t1s) to dexamethasone (Sigma, USP), of 1:2 with a total drug/
polymer ratio (w/w) of 1:4. This solution was applied to the
stent 1n by a series of spray-dry passes to obtain the target
weilght of drug reservoir coating on the stent (a coating layer
may require multiple passes under the coater). The spraying
operation was carried out with a custom made spray coater
equipped with a spray nozzle, a drying nozzle, and a means to
rotate and translate the stent under the nozzles using the
processing parameters outlined in Table 1. Subsequent to
coating, all stents were baked 1n a forced air convection oven
at 50° C. for 60 minutes. After baking the coating, the stents
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were crimped onto 3.0x12 mm VISION catheters, placed in
protective tubular coils, and then sealed in TYVEK™
pouches. The stents were sterilized by ethylene oxide sterl-
1zation using a cycle with 60-90 minutes of steam condition-
ing at 95-125° F. followed by ETO injection with three hours
of dwell time. After ETO sterilization, the TYVEK™
pouches were over wrapped 1n foil pouches and heat sealed
under argon.

TABL.

L1

1

Spray Processing Parameters Drug Reservoir Coating

Spray Head

Spray nozzle to stent distance (mm) 11

Solution flow rate (ml/min) 0.06
Atomization pressure (psi) 10
Dry Heat Nozzle
Drying nozzle temp (° C.) Ambient
Drying nozzle pressure (psi) 20
Spray nozzle to stent distance (mm) 11
Flow Rate and Coating Weight

Target Flow Rate in pg/pass 20
Target Weight (ug) 960

The total drug to polymer mass ratio was 1:4 and the mass
ratio of everolimus to dexamethasone was 1:2 with a target
dose for everolimus and dexamethasone of 100 and 200
ug/cm”, respectively. FIGS. 1A and 1B are optical micro-
graphs taken in reflectance mode with crossed polarizers at
magnifications of 200x and 500x, respectively, of a coated
stent after sterilization. As seen 1n FIGS. 1A and 1B the
crystallization 1s significant.

Example 2

Dual drug coated stents were prepared as described in
Example 1. Stents were sterilized with ethylene oxide. The
total drug to polymer mass ratio was 1:4 and the mass ratio of
everolimus to dexamethasone was 1:2 with a target dose for
everolimus and dexamethasone of 100 and 200 pg/cm?,
respectively. FIGS. 2A and 2B are magnifications of 200x

and 500x, respectively, of a coated stent before sterilization.
FIGS. 2C and 2D are taken at magnifications of 200x and
500x%, respectively, of a coated stent after sterilization. As
seen 1n FIGS. 2A-2D, the crystallization of dexamethasone 1s
significant, and increases after ethylene oxide sterilization.

Example 3

Stents were cleaned, coated with primer, and then coated
with a drug-polymer layer as described in Example 1 except
that the solvent utilized for the application of the coating layer
was 100% acetone. Stents were sterilized with ethylene
oxide. The total drug to polymer mass ratio was 1:4 and the
mass ratio of everolimus to dexamethasone was 1:2. FIGS.
3 A and 3B were taken at magnifications of 100x and 200x,
respectively, of a coated stent before sterilization. FIGS. 3C
and 3D are magnifications of 100 and 200, respectively, of a
coated stent after sterilization. As seen 1n FIGS. 3A-3D, the
crystallization of dexamethasone 1s significant, and 1increases
alter ethylene oxide sterilization.

FI1G. 4 1s a SEM micrograph of the surface of a stent from
Example 1 taken at 5000x magnification. As seen 1n FIG. 4,
the dexamethasone crystals form at the surface of the coating,
as well as 1n the bulk.
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Example 4

Stents were coated with a coating layer including dexam-
cthasone acetate instead of dexamethasone. Stents were
cleaned, coated with primer, and then coated with a drug-
polymer layer as described in Example 1, using for the appli-
cation of the coating layer, a solvent blend of acetone/cyclo-
hexanone 70/30 (w/w). Stents were sterilized with ethylene
oxide. The total drug to polymer mass ratio was 1:4 and the
mass ratio of everolimus to dexamethasone acetate was 1:2,
with a target dose for everolimus and dexamethasone acetate
of 100 and 200 ng/cm?, respectively. FIGS. 5A and 5B are
optical micrographs under crossed polarizers taken at 100x
magnification of two different coated stents after ETO sterl-
1ization. As seen 1n FIGS. 5A and 5B, the number of drug
crystals 1s significantly reduced.

Example 5

Stents were coated with a coating layer including dexam-
ethasone acetate instead of dexamethasone, and zotarolimus
instead of everolimus. Stents were cleaned, coated with
primer, and then coated with a drug-polymer layer as
described 1n Example 1, using for the application of the
coating layer a solvent system of 100% acetone. The total
drug to polymer mass ratio was 1:4 and the mass ratio of
zotarolimus to dexamethasone acetate was 1:2, with a target
dose for zotarolimus and dexamethasone acetate of 100 and
200 nug/cm?, respectively. FIGS. 6A and 6B are magnifica-
tions of 100 of two different coated stents after sterilization.

As seen 1 FIGS. 6 A and 6B, the number of drug crystals 1s
significantly reduced.

Example 6

A number of stents were coated at various zotarolimus to
dexamethasone acetate ratios, and drug to polymer ratios.
Small VISION™ 12 mm stents were utilized. All stents were
cleaned and then plasma treated. Stents were coated with a
primer layer of approximately 31 ug of poly(butyl methacry-
late) (PBMA) by spraying from a solution of 2% (w/w) poly-
mer 1n 2-butanone. More than one pass under the coater was
required to obtain the target weight of polymer on the stent.
The spraying operation was carried out as described 1n
Example 1 with the processing parameters outlined 1n Table
2. Subsequent to coating, all stents were baked 1n a forced air
convection oven at 80° C. for 30 minutes.

TABLE 2
Spray Processing Parameters Primer Layer Coating
Primer

Spray Head
Spray nozzle to stent distance (mm) 11+1
Solution flow rate ~4 ml/hr
Atomization pressure (psi) 8

Dry Heat Nozzle
Drying nozzle temp (° C.) ambient
Drying nozzle pressure (psi) 20
Flow Rate and Coating Weight

Target Weight (ug) 51

After removal from the oven and weighing, the stents were
coated with a solution of polymer, PDVF-HFP and zotaroli-
mus (Abbott Labs) and dexamethasone acetate (AK Scien-

tific, USP grade). The drug doses and drug to polymer ratio
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varied by study arm, and the target ratios are summarized in
Table 3. The spraying operation was carried out in the same

manner as for the primer spraying operation with the param-
cters outlined 1n Table 4. More than one pass under the coater

was required to obtain the target weight of polymer and drug 5 led foil e S 2 RN
on the stent After the drug layer coating, the stents were baked tufl' Ol Izlml‘[% e 01(111?’ steri llzi' stlents wet eﬁllse tlnfmlma
in a forced air convection oven at 50° C. for 60 minutes. All STUCIES dlle OUICTS USEC 10L alld y 1Cdl d55dys. LG STELLS WETE
: . coated and processed 1n two different batch processes (pre-
drug-coated units were inspected for surface defects and dex- . .
. clinical builds).
amethasone acetate crystallization post-oven bake by retlec- . :
t [ 7at; . Q cont q; lvtica] 10 Cumulative release of both zotarolimus and dexametha-
Alcepo arl'llza lfli nlllccl:roscopﬁ. ?me dsden > usie H an‘ta yie sone acetate was determined using a United States Pharma-
asiz}yststllct 45 10 afurtll.lug COLICLL all I;Hg Feledse 1;& ebear ¢ copeia type VII tester in porcine serum with sodium azide
SU yac; 0 1O e PrOCEsSIllE - SIEps PHO 10 DEINg 0.1% (w/v) added as the dissolution media. The cumulative
Assdycd. release expressed 1s one minus the fractional amount of drug
_ﬁ s remaining on the stent divided by the theoretical quantity of
1ABLE3 drug per stent. Before release rate testing, stents from each
Tarect Drue and Polvmer Compositions for Coatings arm were an.alyzec.l for tt?tal drug content. Using the actual
drug reservoir coating weight for each stent, the percent of the
Total ~ Targeted drug reservoir which 1s drug was calculated. The values from
| Dose  day(s) for several stents were averaged. Multiplying this percent of the
Zotarolimus:Dexamethasone  Drug:Polymer  (ug/ 80% 20 d : hich is d by th . ; :ht
Arm Acetate Dose (ug/cm?) Ratio (w/w) cm®)  release fug reserv ('JII‘ whIch 15 I'l}g y e I BSEI_.V OIF Coaling, Wag_
for a stent gives the theoretical gravimetric drug content. This
Al 32:70 1:3.58 105 28 theoretical gravimetric drug content was then calculated for
ﬁ gg:zgo :“jg gé :‘gg 2; cach stent undergoing release rate testing based on the drug
A 35-140 17 ]8R 175 7 s reservoir coating weight for that stent.
AS 100:200 1:2.96 300 28 The analytical assay results are summarized in Table 5 and
Ab 20:40 1:2.30 o0 1 6 for the total drug content and the cumulative release, respec-
tively. As shown 1n Table 5, there 1s a modest decrease 1n the
total drug content after sterilization with ethylene oxide.
TABLE 4 30 |
TABLE 5
Spray Processing Parameters Drug Layer Coating
Drug Layer Analvtical Assay for Total Drug Content
Spray Head Non-sterile ETO Sterilized
Spray nozzle to mandrel distance 11 =1 3 Arm Zotarolimus Dex Acetate! Zotarolimus Dex Acetate
(mm)
Solution flow rate (ml/hr) 4.1-6.5 (arm dependent) Al 98.1% +£5.0% 95.7% £1.7% 94.0% £0.4% 94.9% + 0.4%
Atomization pressure (psi) 6 A2 95.0% £0.2% 984% £0.7% 93.6% £0.8% 97.1% = 0.8%
Air Dry Heat Nozzle A3 100.7% £2.5% 959% +£0.7% 94.5% £1.1% 96.5% £ 0.7%
A4 914% 1.3% 96.7% x0.7% 92.0% £0.9% 98.0% = 1.3%
Drying nozzle temp (° C.) ambient 40 A5 104.7% £ 0.6%  96.8% +x0.2% 96.7% = 0.6% 98.4% = 1.3%
Drying nozzle pressure (psi) 20 A6 90.0% +x14% 96.3% +£1.3% 89.9% £1.0% 95.3% £ 0.8%

Flow Rate and Coating Weight

Target Weight (g) Dependent on dose
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After baking the coating, the stents were crimped onto
3.0x12 mm VISION catheters, placed in protective tubular
coils, and then sealed in TYVEK™ pouches and sterilized
with ethylene oxide (“ETO sterilized”). After units were ster-
ilized with ethylene oxide, they were over wrapped 1n argon

IDexamethasone acetate

Table 6 below illustrates that for some stent coatings con-
trolled release of both drugs was obtained.

TABLE 6

Cumulative Release Results for Non-Sterile Coated Stents

Measured in vitro in Porcine Serum

1 day 3 days 7 days

Arm Zot! Dex A? ot Dex A ot Dex A

Al 21.8% + 0.4% 34.0% = 1.5% 344% = 2.5% 52.9% = 1.8% 43.6% = 3.0% 64.0% = 1.9%
A2 41.9% + 4.6% 65.6% + 4.8% 68.2% = 7.7% 91.0% = 2.9% 86.3% + 4.8% 97.9% + 0.6%
A3 21.5% = 3.0% 29.1.% = 1.8% 25.1% £ 1.0%  38.3% = 0.5% 33.0% = 3.4% 52.5% = 5.6%
Ad 30.1% += 2.5% 68.8% £ 2.1% 50.1% = 2.4%  90.7% = 1.2% 72.2% £ 10.5% 97.8% = 0.6%
AS 21.3% += 2.5% 23.0% 27.2% £ 1.0% 37.7% = 0.9% 43.0% = 3.0% 59.3% + 3.6%

1.7%
Ab 78.6% += 2.3% 02.6% = 0.8% — — — —

176t = Zotarolimus

Dex A = Dexamethasone Acetate
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FIG. 7 depicts the cumulative release profiles for both
dexamethasone acetate and zotarolimus from the stent of Arm

1, with a total drug dose of 105 ng/cm?, 35 nug/cm” of zotaroli-
mus, and 70 pg/cm” of dexamethasone acetate.

Example 7

The stents coated 1n Example 6 were utilized 1n a preclini-
cal porcine safety study. Six study arms utilized the stents
outlined as arms 1-6 1n Example 6. Arm 7 was the control, an
everolimus-eluting VISION® coronary stent with a dose of
100 pg/cm” and a release rate of approximately 80% at 28
days. The study involved the implantation of the coated stents
into domestic farm swine (“pigs”) with three stents per ani-
mal, each of which was placed into a coronary artery. The
duration of implantation was 28-days. After the 28 days, the
amimals were euthanized and histopathology assays were per-
formed.

FIG. 8 illustrates the % stenosis for the seven arms of the
study. The data presented here excludes processing artifacts.
The data indicate that a statistical difference (p-value less
than or equal to 0.035) exist for all arms compared to the
control except for arm 6.

FIGS. 9 and 10 illustrate the inflammation scores and the %
granulomas for the study arms. FI1G. 9 includes all data except
processing artifacts. If stents with severe granulomas are
excluded, in addition to excluding the processing artifacts, the
everolimus only control arm exhibits no statistical difference
in inflammation score compared to the dual drug arms. For
the data in FIG. 9, there 1s no statistical difference among the
7 arms for the Intimal Inflammation score. However, for the
adventitial inflammation score, statistical significance was
reached for Arms Al, A3 and AS vs. the control arm (based
upon a Wilcoxon/Kruskal-Wallis subgroup analysis using a
p-value 01 0.00833). As FIG. 10 1illustrates, the percent granu-
lomas are highest for the everolimus only control arm. These
rates of granulomas do not necessarily translate to other ani-
mal species or to the clinical environment. Granulomas are
much more common in pigs than 1n other amimal species, such
as rabbits. However, the effect of the inclusion of dexametha-
sone, an anti-inflammatory, 1s clearly 1llustrated as the highest
rate of granulomas 1s for the control arm which does not
include any anti-inflammatory drug.

While particular embodiments of the present invention
have been shown and described, it will be obvious to those
skilled 1n the art that changes and modifications can be made
without departing from this invention 1n 1ts broader aspects.
Therefore, the claims are to encompass within their scope all
such changes and modifications as fall within the true sprit
and scope of this mnvention.

What 1s claimed 1s:

1. An implantable medical device comprising:

a device body with an outer surface;

a coating comprising
one or more coating layers disposed over the surface
wherein one coating layer comprises

a PVDF-HFP polymer;
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an olimus drug selected from the group consisting,
of everolimus and zotarolimus:
substantially amorphous dexamethasone acetate;
wherein the mass ratio of everolimus or zotarolimus to
dexamethasone acetate 1s from about 1:2 to about 1:4;
and

the drug to polymer ratio 1s from about 1:2.3 to about 1:4.

2. The device of claim 1, wherein the everolimus or
zotarolimus dose is between about 10 and about 600 pg/cm”
and the dose of dexamethasone acetate 1s between 10 and
about 600 pg/cm?.

3. The device of claam 1, wherein said olimus drug 1s
everolimus.

4. The device of claim 1 wherein said olimus drug 1s
zotarolimus.

5. The device of claim 1, wherein the implantable medical
device 1s a stent.

6. The device of claim 1, wherein the implantable medical
device 1s a catheter balloon.

7. The device of claim 2, wherein and the PVDF-HEFP
polymer comprises at least 25% wvinylidene fluoride by
weilght.

8. The device of claim 1, wherein the PVDF-HFP polymer
comprises at least 25% vinylidene fluoride by weight.

9. The device of claim 1, that exhibits negligible dexam-
cthasone acetate crystallization.

10. The device of claim 1, wherein the cumulative drug
release of the olimus drug at 24 hours 1s not more than 50% of
the original total olimus drug content.

11. The device of claim 1, wherein the cumulative drug
release of dexamethasone acetate at 24 hours 1s not more than
50% of the original total dexamethasone acetate content.

12. A method of treating a medical condition 1n a patient
comprising, implanting 1n the patient in need thereof a device
according to claim 1.

13. The method of claim 12, wherein the medical condition
1s selected from the group consisting of restenosis, athero-
sclerosis, thrombosis, hemorrhage, vascular dissection or
perforation, vascular aneurysm, vulnerable plaque, chronic
total occlusion, claudication, anastomotic proliferation (for
vein and artificial grafts), bile duct obstruction, ureter
obstruction, tumor obstruction, and combinations of these.

14. The method of claim 12, wherein the implantable medi-
cal device 1s a catheter balloon.

15. The method of claim 14, wherein the implantable medi-
cal device 1s a stent.

16. The method of claim 15, wherein the cumulative drug
release ol the everolimus or zotarolimus 1s not more than 50%
of the total everolimus or zotarolimus content at 24 hours.

17. The method of claim 15, wherein the cumulative drug
release of the dexamethasone acetate 1s not more than 50% of
the total dexamethasone acetate content at 24 hours.
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